SYNOPSIS 5-Hydroxytryptophan (5-HTP) treatment of a single case of Lesch-Nyhan syndrome showing compulsive self-mutilation, athetoid movements, and characteristic clinical biochemical picture was studied on a double-blind basis. 5-HTP or placebo was administered for seven fortnightly treatment blocks. 5-HTP produced a significant reduction of athetoid movement and a sedative effect but did not improve the patient's mood or reduce self-mutilation.
The Lesch-Nyhan syndrome (Lesch and Nyhan, 1964) , as originally described, comprised mental retardation, choreoathetosis, spasticity, compulsive self-mutilation, aggressiveness, hyperuricaemia, hyperuricaciduria, urinary calculi, and juvenile gout. Some patients also have megaloblastic anaemia. The syndrome is associated with a gross deficiency, and often undetectable levels, of hypoxanthine phosphoribosyltransferase (HGPRT, EC 2.4.2.8) activity in the patient's erythrocytes and other tissues, although the catalytically incompetent enzyme can be demonstrated immunologically (Arnold et al., 1972; Muller and Steinberger, 1974) . However, the degree of any residual enzyme activity demonstrable in erythrocytes does not closely relate to the severity of the clinical manifestations.
The compulsive self-mutilation is a most striking and particularly distressing feature of the syndrome. Mizuno and Yugari (1974) reported an open trial of 5-hydroxytryptophan (5-HTP) in which self-mutilation was completely relieved in four cases of Lesch-Nyhan syndrome. A decision to treat with 5-hydroxytryptophan would probably involve committing the child to a lifelong course of medication with a new psychotropic drug, and we therefore (Accepted 5 March 1976.) considered that every effort should be made to establish firmly the efficacy of the drug in such a way that subjective factors were as far as possible excluded from the judgements of the observers. This would seem to be particularly important since it is well known that the severity of the manifestations of this disorder fluctuate in intensity and that apparent improvement sometimes occurs if the child's environment is changed, especially when he is admitted to a paediatric ward for a period of investigation or for treatment of an intercurrent condition. This paper reports the design and results of a double-blind trial of 5-hydroxytryptophan treatment in conjunction with a peripheral decarboxylase inhibitor in a case of the LeschNyhan syndrome using an objective rating procedure.
METHODS
Analytical Uric acid, creatinine, and protein were determined as previously reported (Watts et al., 1974) ; erythrocyte hypoxanthine phosphoribosyltransferase and adenine phosphoribosyltransferase (APRT, EC 2.4.2.7) as described by Craft et al. (1970) but using pH 8.0 rather than pH 7.5 tris-Cl buffer (0.1 M); erythrocyte ribosephosphate pyrophosphokinase (PRPP synthetase, EC 2.7.6.1) as described by Fox and Kelley (1971) ; erythrocyte phosphoribosylpyrophosphate (PRPP) as described by Gordon et al. (1974) . The immunoassay of the catalytically incompetent HGPRT protein crossreacting material or CRIM (Arnold et al., 1972) was kindly performed by Professor W. N. Kelly, Department of Medicine, Duke University, Durham, North Carolina, USA. Plasma 5-HTP levels were determined by the method of Joseph and Baker (in preparation). 5-HTP was extracted into acid butanol, back extracted into dilute acid, and separated from 5-HT using a liquid cation exchange reagent. Quantitation was via fluorimetric assay after condensation with o-phthalaldehyde (Maickel and Miller, 1966) with the addition of cysteine.
PATIENT
The patient (D.H.) is the 6--year old boy previously described by Watts et al. (1974) mood, attention, voluntary movement, and speech quality. The scales were modelled on the Goldberg Psychiatric rating scales (Goldberg et al., 1970) and consisted of five points each defined by concrete examples of behaviour. The scales ranged from the worst example of the particular behaviour (score 4) observed during the pre-trial observation period to the best improvement in behaviour that might be expected if the treatment were successful (score 0). Table 2 lists the five levels of behaviour for the scale of speech quality. During his weeks in hospital the patient was rated independently by six observers each day. The ratings were based on a 15-minute observation period during which time the patient was generally playing with ward staff or the observers. To obtain a measure of the reliability of the rating scales, uncontaminated by genuine fluctuations of the patient's behaviour, four of the observers worked in pairs observing the same behaviour, but arriving at independent ratings of it.
In addition to the rating scales, an objective index of movement was provided by an activity meter consisting of a modified self-winding wrist-watch which was attached to the patient's left ankle for 10 minutes each day. Since the patient is confined to a wheel-chair with his legs hanging freely, readings from this meter were an index of amount of athetoid movement. It was also noted each day which of the various measures adopted to prevent self-mutilation was being used. These varied from splints and bandages on both arms and hands to no restraint on either arm and hand. These measures were a further indication of the tendency to self-mutilation.
RESULTS
DRUG LEVELS As expected, 5-hydroxytryptophan was not detectable in plasma before treatment, or in any of the placebo periods (Table 3) . It was detectable, however, as long as (Fig. 1) , indicating that 5-HTP did not improve this patient's overall mood. It was apparent from the parent's ratings when the patient was at home that there was a worsening of mood at the beginning of each placebo period (and hence immediately after the patient had stopped taking 5-HTP). There were not enough data for this effect to be significant, but it suggests that some mild withdrawal effect was occurring. result, the ratings of this behaviour were somewhat unreliable (r=0.40). On the basis of the average ratings of all six observers self-mutilation tended to be worse during drug periods (Fig. 4) , but not significantly so. The same result was obtained when only those ratings made with the patient unrestrained were considered. Mizuno and Yugari (1974) used 5-HTP to treat self-mutilation on the basis that this was an autoaggresive phenomenon, and that 5-HTP prevented the development of isolation-induced aggressive behaviour in rats and mice. Although we feel that self-stimulation in Lesch-Nyhan syndrome should not be regarded simply as autoaggressive behaviour, since physical restraint appears to prevent it without frustration or displacement to other autoaggressive behaviours, we did feel that there was additional experimental work supporting a possible beneficial action of 5-HTP. The presence of HGPRT in well-washed synaptosomes (Gutensohn and Guroff, 1972) points to a possible role of purine salvage in synaptic transmission. The lack of HGPRT in the Lesch-Nyhan syndrome will lead to a deficiency of GMP, and hence of GTP in vulnerable tissues such as the brain and bone marrow. This would in turn lead to a deficiency of cyclic GMP. This nucleotide is thought to be a modulator of certain metabolic processes including cell division (Hadden et al., 1972; Shields, 1974) , cholinergic receptor action (Weight et al., 1974; Kebabian et al., 1975) , and, at least extracerebrally (Sandler et al., 1975) , of serotonergic receptor action. Thus, a disturbance in the balance between cyclic nucleotides or between serotonergic and catecholaminergic systems in Lesch-Nyhan syndrome might be restored by increased 5-HT synthesis and receptor stimulation. The reports of increased dopamine-/-hydroxylase (dopamine-/3-monooxygenase, EC 1.13.17.1) activity in the LeschNyhan syndrome (Rockson et al., 1974) , of the production of compulsive gnawing, and stereotyped behaviours in rats and cats by amphetamine (Randrup and Munkvad, 1966; Wallach and Gershon, 1971) , and of the production of autoaggression in experimental animals by feeding caffeine and theophylline (Nyhan, 1968; Morgan et al., 1970) , which block the degradation of cAMP and cGMP by inhibition of 3': 5'-cyclic AMP phosphodiesterase (EC 3.1.4.17) would be broadly consistent with this formulation.
DISCUSSION
However, in the present study, although it was clear that 5-HTP affected the behaviour of this patient, it did not reduce self-mutilation behaviour, nor did it improve the patient's overall mood. It seems unlikely that this failure to affect self-mutilation was due to an insufficient dose of 5-HTP. The dose the patient received was equal to the maximum dose used by Mizuno and Yugari (1974) . The plasma levels of 5-HTP that were measured confirmed that the patient in fact received the active drugs and placebo in accordance with the design of the trial, that the 5-HTP was absorbed, and that raised plasma levels persisted until the next dose was administered. It is possible that the addition of Carbidopa, by inhibiting peripheral effects, also prevented an effect on self-mutilation behaviour.
However, a previous uncontrolled study suggested that 5-HTP alone administered for six weeks had equally little effect on this patient's self-mutilation.
5-HTP did reduce our patient's involuntary movements and produce a general appearance 66Z0 of sleepiness. It is possible that a sufficiently large dose of 5-HTP would reduce self-mutilation as a secondary consequence of this sedating effect. Such an effect might account for the results of Mizuno and Yugari (1974) .
Self-mutilation varied markedly in our patient. It increased when he was frightened or frustrated and reduced when he was concentrating on some interesting occupation. The patient is very much aware of the undesirability of the selfmutilation. He becomes very agitated if the restraining splints or bandages are removed from his hands and can only be calmed by their replacement. He will try and impose his own restraints by such measures as sitting on his hands. Some of this behaviour is in line with Duker's (1975) suggestion that self-mutilation behaviour is learned by Lesch-Nyhan patients as a method of gaining attention. Duker has demonstrated that the behaviour is under the control of environmental influences and has achieved some success in reducing self-mutilation using behaviour modification techniques. If self-mutilation is indeed influenced by the patient's environment, then the marked change in environment brought about when the patient is moved to hospital for an intensive investigation of a new treatment might well induce a similarly marked change in self-mutilation behaviour. This possibility was not controlled for in the study by Mizuno and Yugari (1974) and indeed can only be controlled for by using a double-blind study as described here.
Lastly, it is of course possible that our single case of Lesch-Nyhan syndrome is unusual in his failure to respond to 5-HTP. It is a disadvantage of single case studies that it is hard to generalize beyond the patient in question. It would therefore be desirable to repeat this kind of study with other cases of Lesch-Nyhan syndrome. Reports of other informal trials of 5-HTP lead us to suspect that our patient is not uncharacteristic in failing to reduce self-mutilation behaviour as a specific response to 5-HTP. It would still be possible that this patient, or indeed others, might respond to other measures designed to stimulate serotonergic neurones, the effects of which might be more specific.
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